ABSTRACT: This study is to obtain the horizontal displacement field of the collapsed and the surrounding area mainly based on the particle image velocimetry (PIV). Original aerial photographs taken in 2008 and 2010 of 22.53K collapses of Nantou 89th county road are collected and synthesized. ERDAS IMAGINE LPS modules are used to produce the DTM and orthophotos in order for later analyses. PIV view2C is used to conduct and process PIV analysis. In the study area, most of the displacement is between 1.33 to 9.94 m. About 89.9%~95% of displacement is less than 2.5 m. The position accuracy of the obtained orthophotos ranges between 0.6 to 1.50 meters with the use of PIV analysis.
INTRODUCTION
In 2009, the moderate Typhoon Morakot invaded Taiwan and brought more than 2500mm of torrential rain in central and southern Taiwan. It was measured as 3059.5mm in Alishan rainfall station which has been closed to the average rainfall (3684mm) per year in Alishan. This astonishing rainfall has exceeded the hundred year rainstorm frequency. The infiltration of heavy rainfall made the factor of safety of slopes decrease and caused landslides to initiate from the upper and/or downward slopes. The landslides may then cause and trigger mudslides or debris flow. The mud flow or debris flow may squeeze the main river channel and scour river banks and/or down slopes of the roads. Therefore, many landslides had occurred during this typhoon in Nantou County in central Taiwan. The objective of this research is to study the displacement field and range of the landslide area at 22.53K of Nantou 89 th County Road. Recent years, Tsai (2005) and Tseng et al. (2009) had used the aerial photographs to conduct the orthoprocessing, then applied method particle image velocimetry (PIV) to observe the surface displacement of a large area. Particle image velocimetry (PIV) was a technology originally developed in the field of experimental fluid mechanics. The main objective of this study is to obtain the horizontal displacement field by performing PIV analysis on the 22.53K sliding area of Nantou 89th County Road.
The main purpose of this study is to use the orthophotos which have a wide range of covered area and to perform PIV analysis in order to discover the horizontal displacement with an effectively and faster way. By gathering the orthophotos between 2008 and 2010 that cover the 22.53K sliding area, we carry out PIV analysis to obtain the horizontal displacement field of the collapsed region. After the analysis of the PIV, output the results of horizontal displacement field into the ArcGIS. Then, overlay the results with the orthophotos and compare with the collected data to check whether the results are reasonable. Finally, draw the contour map of displacement to explore the stability and trends of the landslide. PIV analysis is a comprehensive and continuous way to identify the horizontal displacement fields of a large area. It can also be used to amend the inadequacies of traditional survey methods. With the PIV analyzing results, one can draw the major landslide areas of the region which contains a large amount of displacement.
LOCATION OF THE STUDIED AREA

Nantou 89
th County Road is located in Renai Township, between the Lishan and Wushe, as shown in Fig. 1 . Total length of the road is about 53.23 km and the direction of it is from northeast to southwest. The ends of northern and southern of the road are connected to Taiwan Highway Number 8 and14-A, respectively, and the road width is about 3 to 6m. The type of the road belongs to the local industrial road, and some sections of the slope along the route are quite steep. The slope along the road could easily collapse or slide due to heavy rains entrained by a typhoon. In order to observe the movement tendency of the sliding region, several scholars have developed numerous methods of monitoring to observe these collapses. The geological condition within this region is very broken and fragile, and the mountain slopes along the road are in serious condition. In recent years, 89th County Road had struck by the earthquake, typhoons and flood disaster. The traffic will be disrupted almost every time when it encounters with heavy rain because of the disasters. The serious disaster mostly occurs after continuous rain or heavy rain. Typhoon Mindulle in 2004 and 0609 flood in 2006 brought the cumulative rainfalls up to 1,215 mm and 1,810 mm, respectively, resulting in severe damage of the road. Therefore, rainfall is one of the main reasons that induced slope disasters along the road. Fig. 2 shows the Wushe 1/50000 geological map. The stratigraphic sequence of the nearby area in this study from old to new sequentially is Chiayang Formation (Cy), Meihsi Sandstone (Ms), Lushan Formation (Ls) and Terrace deposits (t) (Lo and Yang, 2002) . However, only Lushan Formation and Terrace deposits are encountered along the 89th County Road. Lushan Formation composed by mostly black and gray slate. Due to the intense tectonic actions, the rock formations in this region are quite broken. Shallow slides have occurred very often because of weathering and erosion by creeks. Cleavages are the most important discontinuities for the slate formation. The strike of the formation is from northwest to southeast, and some is northeast to southwest direction, and the dip direction is 50°~70° to southeast. Many cracks and fractures are also developed inside the formation owing to squeezing and folding of the formation. Lushan Formation located at the west side of the Central Mountain of Taiwan and conjunction with Meihsi Sandstone of Snowy Mountain Range. The geological structures at this region are Meishi Fault and Wushe Syncline, as shown in Fig. 2 (Lo and Yang, 2002) . The strikes of the fault and syncline are approximately similar to the direction of the 89th County Road. The 89th County Road is mainly located at the west side of the syncline axis and encounters the syncline at many places. Thus, many of the slopes along the road are anaclinal and orthoclinal slopes, which may be the main reason that causes shallow slides and rock falls. Meishi Fault is a reverse fault and is located at northwestern part of the road, and can be found at downslope side of the road. 
GEOLOGY OF THE AREA
STUDY PROCESS AND METHOD USED
Study Process
Firstly, this study collects the relevant article and data (such as collapses information, slide location, etc.) related to the research area, and also gathers the aerial photographs and orthophotos in 2008 and 2010. The parameters for PIV analysis (such as test window size, filter parameters, etc.) can be obtained via PIV parameters analyzing. Then, use the software PIVview2C to conduct PIV analysis to obtain the displacement field of collapses at different periods. Later, output the results into ArcGIS and overlay the results with the orthophotos. Circle the areas which have a large displacement into a contour map. The result of each PIV analysis was used to compare with the aerial photos before and after the time period. The typhoons struck Taiwan during this time period were ascertained in order to know which typhoon that may cause the sliding disaster. Thus, slope stability analysis of this area can be simulated and investigated using the same rainfall situation brought by the typhoon.
Orthophotos
Because of possible geometric distortion, caused by various system errors and non-systematic errors, could present in the original data of aerial photographs. The spatial information acquired from the uncorrected images is not reliable and can only be used very limited. Therefore, every point on an aerial photograph should be converted to their corresponding ground point to form a homologous coordinate system through the ground control points and aero-triangulation. This is the ortho progress to form an orthophoto. ERDAS IMAGINE LPS modules are used to produce the DTM and orthophotos in order for later analyses.
Once orthophotos were created, each pixel within the image is all having the geometric fidelity. Each point in the image such as the point was observed along the orthogonal (vertical) at the earth's surface. The height difference of each equivalent point of each pixel in aerial photographs will be corrected by DEM. By comparing the luminance value of the surrounding pixels, each pixel can be redrawn and redefined based on its relative luminance value.
METHOD OF PIV ANALYSIS
Particle image velocimetry (PIV) was a technology originally developed to observe hydrodynamic test. The basic principle of PIV is known as the measurement of particle displacement (Δx) within the fluid by the time interval (Δt). The method of PIV analysis is using two images for measuring displacement vector. Firstly, the first image will be divided into the grid of test patch. Each test patch contains the characteristics inside the image matrix , which the size is L×L pixels. To find the displacement of test patch between the two images, the search patch should be drawn out. This search patch is shifted by the test patch with the amount of s max along the u and v directions, forming a block as the search range for the test windows, as shown in Figure 3 (White et al., 2003) .
RESULTS AND DISCUSSION
The orthophotos of this study were orthorectified by Aerial Survey Office, Forestry Bureau of Taiwan. The scale is 1/5000 with the resolution of 0.25m/pixel. The RMSE values are controlled at 1m or less. The PIV analysis was performed using PIVview2C, developed by PIVTEC GmbH (2010), based on the method recommended by Tsai (2005) . The PIV analysis parameters of this study was determined by the 1° rotation method which proposed by Tsai (2005) . This method uses a single image to do a 1° rotation, then, conduct the PIV analysis with the original image. Because the amount of movement of the center to periphery of the image is known, the PIV parameter can be determined by using different patch size to carry out the analysis. The image resolution of the orthophoto in this study is 0.25m/pixel. From the viewpoint of irregular vectors generated and the details of features can be highlighted, the search patch will be set as 96 × 96 pixels, test patch will be set as 48 × 48 pixels to conduct the PIV analysis. Figure 4 . Most of the displacement is less than 2.5m, around 90%, indicating that there was no large landslide between 2008 and 2010. The contours of the displacement are plotted in Figure 5 . There are two major moving zones, A and B. Zone A is moving downward, Azimuth 180˚-225˚, with displacement of 2.02 to 9.94m. However, the Zone B is moving upward because of road construction, which may cause the PIV analysis to misclassification about the displacement, after landslide around that area.
CONCLUSIONS
Some conclusions can be drawn based on this study on 22.53K of Nantou 89th Country Road in Nantou County, Taiwan. 1. The PIV method can be used to obtain the displacement field of landslide movement.
2. Use of PIV analysis can identify the potential moving zones and value of movement. 3. Most of the movement between 2008 and 2010 is less than 2.5 m. 4. Two major moving zones are found. 
